The venous admixture was measured before, during, and after deflation of one lung during anaesthesia for thoracotomy in 10 subjects ventilated with 50% oxygen. The mean oxygen saturation fell from 99% before deflation of the lung to 89% after 30 minutes' atelectasis. The pH and carbon dioxide tension did not change significantly. The shunt was 38% of cardiac output five minutes after and 41% 30 minutes after deflation. The reciprocal of the arterial venous oxygen content difference correlated positively with the shunt, suggesting that increased venous admixture is accompanied by increased cardiac output.
INTRODUCTION
Previous studies on the effects of one-lung anaesthesia have shown that significant desaturation of the arterial blood may occur (Lunding and Fernandes 1967) . In some studies, assumed values of arteriovenous oxygen content difference were used to estimate the venous admixture (Virtue et al. 1966 , Nilson et al. 1965 .
In one study a range of such values was used (Torda 1967) . In this paper measurements of the mixed venous oxygen tension were made, permitting actual quantitation of the shunt as a percentage of cardiac output, and evaluation of its correlation with the arteriovenous oxygen difference. METHODS Ten patients were studied during elective thoracotomy. Their particulars are set out in Table 1 . All were free of known disease of the cardio-vascular system and their forced vital capacities and forced expired volumes (one second) were within normal limits.
The patients were preoxygenated and anaesthetized with thiopentone or diazepam. A double-lumen Robertshaw endobronchial tube was introduced with the help of relaxants. Nitrous oxide and oxygen two litrES per minute each and halothane 0'2-1·0% were used to maintain anaesthEsia. Increments of relaxants were given when indicated. All patients were ventilated at a rate of 12 per minute by constantvolume ventilators (Bennett anaesthesia or Engstrom). The rate and tidal volume were kept constant for at least ]5 minutes prior to and throughout the period of measurements, except for the use of large manual inflations to re-expand the lung before closure of the surgical wound. In order to minimize the effect nitrous oxide uptake has on the alveolar oxygen tension at least 45 minutes were allowed to elapse between the commencement of nitrous oxide administration and the first blood sample.
After induction of anaesthesia, the brachial or radial artery was cannulated with an 18FG teflon cannula. The cannula was maintained patent between samples by means of a closefitting obturator. The right atrium was cannulated either with a 24-inch " Intracath " by way of a basilic vein 01 a subclavian puncture. The position of the atrial catheter was checked by means of an ECG. The input impedance of the ECG was 250 megohms and had been checked for current leakage to exclude the risk of "micro-current" electrocution (Loughman and Watson 1971, Bruner 1967) .
The patient was then positioned on the appropriate side and surgery commenced. Blood samples were taken anaerobically into heparinized syringes, simultaneously from the artery and the right atrium. The first sample was taken when the surgeon was ready to enter the pleural cavity.
As soon as this sample was taken, the pleural cavity was opened and the lung on that side was allowed to deflate. The respirator settings remained unaltered, the entire tidal volume now being delivered to one lung. Further blood samples were taken .5,10,15,20 and 30 minutes after deflation of the lung. When the intra- thoracic part of the operation was completed the lung was re-inflated by large manual inflations until no area of atelectasis could be seen. The final blood samples were taken 10 minutes after re-inflation. At about the time the first blood sample was taken a sample of the inhaled gas mixture was also obtained. The gas sample was first analysed en a " Clarke " type electrode (Radiometer E 5046). The zero was set using the Radiometer P0 2 zero solution and the "slope" was set using room air according to the formula Oxygen tension (P0 2 ) = (Barometric pressure -47) X 20·9 100 mm Hg. The P0 2 of the inhaled gas was then measured. The electrode was then recalibrated using the same zero solution. The " slope" was now set using some of the patient's blood equilibrated with humidified air. The blood samples were analysed for oxygen tension, pH and carbon dioxide tension on a Radiometer PHM 27/927 machine.
The oxygen saturation of the blood samples was derived from the tension by means of a Severinghaus slide-rule, corrections being applied for pH and base deficit. The core temperature was assumed to be 37° C. The oxygen content was then worked out using 0 ·003 ml per mm Hg per 100 ml of blood as the solubility constant for oxygeTJ and 1·36 ml per gm as the oxygencarrying capacity of the patients' haemoglobin, i.e., oxygen content per 100 ml of blood= Hb x1·36 xsaturation+P02 xO ·003 ml.
The alveolar gas equation was used to estimate the alveolar oxygen tension, and the oxygen content of pulmonary capillary blood WClS then derived. The venous admixture (shunt), expressed as a percentage of cardiac output, was derived from the formula Shunt Cc' -Ca x1000/ Cc'-Cv /0 where Cc', Ca and Cv are the oxygen content of the pulmonary capillary, arterial, and venous blood respectively. 
RESULTS
The results of analysis of the inspired gas samples are included in Table 1 . The mean is 48% oxygen. The results of the analysis of the blood samples and the saturation values derived from them are shown in Table 2 . The venous admixture is listed in Table 3 and the arteriovenous oxygen difference in Table 4 . The results were tested for statistical significance by Student's "t " test. Figures 1, 2, 3, 4 and 5 present the data in graph form, showing the results of each individual study and the mean. Figures 1 and  2 show the arterial oxygen tension and saturation respectively.
The arterial oxygen tension and saturation fell sharply during the first five minutes, then more slowly through the period of observation. The difference between the pre-deflation values and each of the values during the period of deflation was significant, P<O·OOl.
There was no significant difference between the values during the period of deflation, nor were the values after re-inflation significantly different from those prior to deflation of the lung. ThE. venous oxygen tension and saturation, the arterial carbon dioxide tension, and pH did not change significantly during the study (Figure 3 .)
The arteriovenous oxygen content difference is shown in Figure 4 . The mean difference fell from 4· 5 volumes per cent to 3·2 volumes per cent 10 minutes after deflation. This difference was probably significant, P<0'05, but for the subsequent values P was greater than 0·05. 
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., The increase in venous admixture from a mean of 10% of cardiac output to 38-43% during deflation was significant, P<O·OOl. The postre-inflation value was not significantly different from the pre-deflation one.
DISCUSSION
The previous studies, to which reference has already been made, have shown that the arterial blood may become desaturated during one-lung anaesthesia. Previous estimates of the shunt through the deflated lung tended to underestimate the venous admixture, as the assumed values for the arteriovenous oxygen difference were too large. The values found in this study were considerably lower, but tally well with values previously reported under halothane anaesthesia (Theye and Touhy 1965) .
An important determinant in safety of an anaesthetic technique is the "oxygen flux", or the quantity of oxygen delivered to the tissues per unit time. This is the product of the arterial oxygen content and cardiac output. Presumably a certain amount of desaturation can be tolerated provided the haemoglobin is high and the cardiac output is adequate. In a "shunt" situation, such as one-lung anaesthesia, venous blood is mixed with the oxygenated blood, resulting in a fall in saturation. If cardiac output falls the arteriovenous oxygen difference will increase and for any given shunt the oxygen content of the arterial blood will fall further. Thus when a significant venous admixture exists a fall in cardiac output can lead to a greater fall iN " oxygen flux". Let us take an example and assume that a patient with a haemoglobin of 15 gm/lOO ml of blood has a cardiac output of Q ml/min. Let his pulmonary oxygen content be 21 ml/100 ml and the arteriovenous oxygen difference be 4 ml/100 ml of blood. Assuming a shunt of 10% of cardiac output, his arterial oxygen content will be 20· 6 ml/100 ml. If the shunt increases to 40%, the arterial oxygen content will fall to 18·3 ml/100 ml of blood and the oxygen flux from 0·210 Q to 0·183Qml/min. Now if the cardiac output ( . 6 0 . ) falls by 40% 1.e. becomes 100 X Q and the oxygen uptake were to remain unchanged, the arteriovenous oxygen difference would increase to 6· 7 mlj100 ml. If there is a shunt of 40% the arterial oxygen content will now be 16·5 mlj100 ml.
The oxygen flux will have fallen to 0'099Q mljmin., a fall of 46%, while the fall in cardiac output was only 40%. 60 
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The degree of venous admixture suggests that there is little decrease in pulmonary blood flow during atelectasis under such conditions. In the lateral position the upper lung is expected to carry less than half of the pulmonary blood flow (Kaneko et al. 1966) . Thus 40% of cardiac output is not an unreasonable figure for blood flow through the upper lung. Direct measurements of pulmonary blood flow during acute atelectasis in man are understandably scarce;
• .. a.gainst the reciprocal of the arteriovenous difference, l/a-vD0 2 • The line of best fit wa.s drawn by the "least s'1uares" method. The coefficient of correlation, r, is 0·76 and the sta.ndard error of the determination, S1', is 6·6. The 95°;) confidence limits are ±13·2. .
In our series despite the large shunt the arteriovenous oxygen difference remained usually low. Severe metabolic acidosis was not encountered, although Patient 3 developed a base deficit of 7 mE/I, 20 minutes after deflation. This did not deteriorate further during anaesthesia, and the patient's course was otherwise uneventful. There are reports of progressive acidosis during thoracic anaesthesia (Beech er and Murphy 1950, Stead et al. 1953 ), but it has been shown that adequate ventilation and oxygenation will prevent this (Barth et al. 1!J57) . the measurements we found in the literature report a slight fall or none (Schenk et al. 1963 , Bjork 1953 . In chronically; collapsed lung in man the blood flow is 100v. In animal experiments acute atelectasis produced no fall in pulmonary perfusion but it diminished gradually over one month (Bjork 1953) .
In anaesthetized man, during non-thoracic operations the venous admixture varied with cardiac output (Michenfelder et al. 1966) . Positive correlation between cardiac output and venous admixture was also shown in dogs, . lnaesthfsia and Intensive Care, j'o/. f, .Va. 1, August, /97.? using a ganglion blocker to alter cardiac output (Yamamura et al. 1970) .
While the cardiac output of our subjects was not known, the arteriovenous oxygen content difference varies inversely with the cardiac output provided the oxygen uptake remains constant. Therefore it can be used as a useful index under stable conditions. In this study, in contradistinction to that of Yamamura et al. (1970) , the venous admixture was varied by deflation of the lung. Its correlation with cardiac output was then examined by plotting the reciprocal of the arteriovenous oxygen content difference against the shunt during the period of pulmonary deflation ( Figure 6) . A positive correlation with a correlation coefficient of 0·7 was found.
This suggests that conversely to the experiments quoted, where a fall in cardiac output resulted in decrease in pulmonary shunt, an increase in the venous admixture may result in an increase in cardiac output. This may serve to guard against the situation discussed above, where a low cardiac output in the presence of a shunt can result in a severe fall in oxygen flux and serious tissue hypoxia.
